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Abstract.
BACKGROUND: It is questioned if Norwegian nurseries can compete with the continental nursery industry in an open
market.
OBJECTIVE: Investigated how quality of certified Norwegian strawberry transplants, developed and yielded from planting
to first cropping year.
METHODS: Plant qualities of Norwegian fresh and cold stored bare root- and plug-plants of ‘Korona’ and ‘Sonata’ were
examined for establishing and yield parameters in the open, after three intervals of planting. Fresh plug-plants were delivered
when available. Trials were established at NIBIO Research Station Kvithamar, Norway. Growth and yield parameters were
registered in the establishing and cropping years.
RESULTS: Plant establishment was poor in 2013 compared with 2014. Bare-root plants stored at 2–4◦C generally developed
poorly. Plug-plants established well at all delivery dates, except fresh plug in one year. Development of runner plants depended
on plant type, cultivar and year. Plug- and bare root-plants planted immediately after first delivery generally developed best
crowns. Primary flower primordia reached a more developed stage for ‘Sonata’ than for ‘Korona’. Fruit yield of bare root
was low in the establishing years. Plant-types differed in yield and fruit weight between cropping years.
CONCLUSIONS:Bare-root and plug- plants planted one day after delivery generally yielded best. Storage of bare-root plants
generally reduced yield. Fresh plug plants had low yield when planted late. Fruit yield of A15 and A13 in the establishing
year was not satisfactory.
Keywords: Plug plants, bare-root plants, plant storage, crown parameters, stolon
1. Introduction
The quality of transplants used for establishment of grower’s field is of high importance [1, 2]. In Norway,
until year 2015, when the borders were opened for import of strawberry plants, transplants had to be propagated
in Norway under a strict control regime to avoid virus, pest and disease infection of plants. This situation reduced
the availability of transplant types for Norwegian growers compared to growers of other European countries.
Also, the production of advanced ready-to-flower planting material with an established yield potential, has proven
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difficult to produce on a reliable and regular basis in Norway, because of marginal climatic conditions [3]. Before
2015, available plant types in Norway were bare-root plants lifted directly from the field with a mixed crown
size generally below 15 mm, and overwintered plug plants for early spring delivery, or fresh plug plants for late
delivery in the planting year.
It has been shown in short day strawberry that in A-grade transplants with crown diameters 10–20 mm, yields
were directly related to crown diameter [4]. Later, several authors have shown that increasing crown diameter
from 6 to15 mm led to more flowers and higher yield and increased leaf area and ascorbic acid content in the
fruit [2, 5–7]. However, in the cooler climates of the Nordic countries, where the transition to inductive short day
conditions is delayed compared with lower latitudes, even plants with large crown diameter has not given plants
with satisfactory flowering and yield potential (Sønsteby, unpublished results). A similar effect was demonstrated
between Scotland and the south of England. [8].
Besides, in a two year harvest cycle, which is normal for short day cultivars in the Nordic countries, the fruit
yield is dependent on planting date in the vegetative year to develop a full yield potential in the first fruiting
year. In addition, the planting date for developing a full yield potential is cultivar dependent [9]. Early planting
will also lead to more runners [10], and improved yield and berry size in the first cropping year [11]. In autumn,
floral initiation and differentiation is depending on temperature, photoperiod and cultivar. It is well documented
that flowering is controlled by a pronounced interaction of photoperiod and temperature, with short days of
10–12 h length and temperatures of 15–18◦C being optimal for flower initiation [12–14]. The importance of
warm temperatures also during the flower differentiation period was demonstrated by Le Mie´re et al. [15] who
reported that elevated temperatures (18.3◦C vs. 14.8◦C) during flower differentiation doubled the number of
flowers in the secondary and tertiary inflorescences of ‘Elsanta’ strawberry. In Norway, the optimal temperature
for flower development in ‘Korona’ and ‘Sonata’ was estimated to18◦C, and 15–18◦C for three other cultivars
[16, 17]; conditions which can be a challenge to obtain under Norwegian conditions depending on cultivar, year,
altitude and longitude. Bochud [18], also showed that plant types differed in overwintering capacity; fresh runner
plants overwintered better the following winter even though they were planted later than the cold stored runner
plants. For frost susceptible cultivars, cold stored runner plants should be avoided. However, plants of ‘Korona’
lifted in December and cold stored at –2.0◦C, gave better yield than fresh lifted plants when planted 27 June,
while fruit quality improved when planting was postponed to 11 July. Also, ‘Elsanta’ and ‘Bogota’ gave highest
yield using fresh lifted plants [19]. The reproductive induction of bare root transplants is also dependent on
growing conditions like fertilization, time of planting and other conditions that influence the growth rate of the
apex [20].
These experiments were initiated to investigate how certified Norwegian strawberry plants of different qualities,
planted immediately after lifting or delayed planting after cool storage at the farm, developed and yielded in a
single crop cycle (planting year and crop year); with a view to similar plant types propagated in Central Europe.
2. Material and methods
Transplants were delivered from a nursery situated in southwest Norway (58◦19′N, 8◦13′E). This area is much
earlier and with lighter soil than the research site in Mid-Norway. The field where the bare-root plantlets where
lifted, and where runner plants started to root in June/July, was covered with fleece in late autumn to secure good
over-wintering. The fleece was removed in spring when snow had melted or the eventual frozen soil had thawed.
Immediately after lifting, the bare root transplants were cooled down to 3◦C, before transport to the planting site.
The August potted runner transplants were stored outdoors covered with several layers of fleece during winter
to avoid freezing injury.
Two field trials with ‘Korona’ and ‘Sonata’ were planted in 2013 and 2014 with eight and ten plant-types,
respectively (Table 1). The trials were planted at NIBIO’s research station Kvithamar in Mid-Norway (63◦46’N;
11◦16’E) in open field on a silt clay loam. The plants were planted on raised beds covered with brown polyethylene
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Table 1
Plant types, management of plant types (B = bare root; P = plug; Pf = Plug of the year; A = Large bare root) and planting dates in field in two
years in Norway
Plant type Planting Date (dd.mm)
Management 2013 2014
B1 Early lifting and planting within two days 22.05 07.05
B2 Late lifting and planting within two days Not applied 14.05
B3 Later lifting and planting within two days Not applied 21.05
B7 Lifted similar to B1, and cold stored 7 days before planting Not applied 14.05
B14 Lifted similar to B1, and cold stored 14 days before planting 04.06 21.05
B28 Lifted similar to B1, and cold stored 28 days before planting 18.06
Aa A15 and A13; lifting and planting similar to B1 22.05 07.05
P1 Plug overwintered; planted at same date as B1 22.05 07.05
P2 Plug overwintered; planted at same date as B2 29.05 14.05
P3 Plug overwintered; planted at same date as B3 04.06 21.05
Pf Plug of the year; planted as soon as available (Fresh plug) 26.06 28.07
adiameter ≤15 mm in 2013 and diameter ≤13 mm in 2014.
mulch equipped with drip irrigation. At planting, plots were watered manually with a sprinkler can, for two weeks,
when necessary. We fertilized with 50 g m–2 of a multi mineral fertilizer (YaraMila Fullgjødsel 12-4-18 micro™,
YARA Norway) before bedding and mulching, which is standard recommendation for a silt clay loam in the
region. In September of the planting year and in the cropping year of each of the two field trials we fertilized by
fertigation. We used two nutrient stock solutions (7.5 kg YaraLiva™ Calcinit per 100 l of water and 7.5 kg per l
of Kristalon™ Indigo per 100 l of water) in September in the planting year and in May and June in the cropping
year. In July and later in the cropping year, we changed the solution of Kristalon™ Indigo to 9.0 kg per 100 l
of water to balance the nutrient solution to a generative plant development stage. In the planting year fertigation
in September was equivalent to 0.2 g N m–2. The amount of fertilizer in the cropping year was equivalent to 6 g
N m–2, giving 3.5 g from two weeks before harvest and during harvest. Planting was on 20 cm high bed in double
row 20 cm apart, with 25 cm plant space. The distance between bed-centres was 150 cm, equivalent to 5.33
plants m–2. Weed, disease and pest protection were done according to standard recommendations for the region.
Each trial was a block design with four replications. Each cultivar occupied two blocks by random. The
plant-type treatments were random within each block. Plot length was 2.25 m, and 1.50 m of the plot centre was
harvested (12 plants). The extra border plants were available for lethal harvest.
Because of late spring and frozen soil in 2013, plant delivery was delayed, and the first delivery of bare-root
and plug transplants (B1, A15 and P1) was 22 May. Late thawing of the soil and cold weather after thawing, gave
sub-optimal conditions at the research site as well. However, transplants were planted according to the schedule
shown in Table 1. Early lifted bare root plants (similar to B1) B14 and B28, were planted after 14 or 28 days
of cold-storage at 2◦C, respectively. There were a few changes in trial 2 (2014) compared with trial 1 (2013).
B2 and B3 were delivered and planted at delivery date 7 and 14 days later than B1 (7 May), respectively; some
plants of B1 delivered was planted as B14 after 14 days of storage at 4◦C, twelve days earlier than the latest
planting (Pf) in trial 1. A new treatment B7 was introduced; delayed planting till after 7 days of storage at 4◦C.
Fresh plug plants (Pf) was delivered and planted 32 days later in 2014 than in 2013.
Recordings on plant survival and runner parameters in the planting year were undertaken in both fields in
September. In October 24, crowns from four plants per treatment were examined for floral development stage of
the primary flower, according to the six-stage scale used by Heide [14] and Opstad et al. [16]:
Stage 1 = Vegetative apex with only leaf primordia.
Stage 2 = Sepal primordia visible in terminal flower.
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Table 2
Effect of plant type and storage on plant establishment in % of full establishment, as a mean of two cultivars recorded
in early September 2013 and 2014. B = Bare root; P = Plug; Pf = Fresh plug; A = large Bare root,
of diameter ≤15 mm in 2013 and ≤13 mm in 2014
Plant type Establishment (%)
2013 2014 Mean
B1 89.6 100.0 94.8
B2 – 95.8 95.8
B3 – 100.0 100
B7 – 97.9 97.9
B14 48.8 2.5 25.5
B28 27.1 – 27.1
A 91.7 97.9 94.8
P1 100.0 95.8 97.9
P2 95.8 97.9 96.9
P3 – 95.8 95.8
Pf 97.9 83.3 90.6
Mean 78.3 86.7 82.5
Se 17.1∗∗ 3.5∗∗∗ 8.4∗∗∗
ns,∗,∗∗,∗∗∗indicate levels of no, 5%, 1% and 0.1% significance, respectively.
Stage 3 = Petal primordia visible in terminal flower.
Stage 4 = Stamen primordia visible in terminal flower.
Stage 5 = First carpel primordia visible in terminal flower.
Stage 6 = All flower parts differentiated.
For bare root A-plants (A15 and A13), fruit yields were recorded both in the planting year and in the following
year. All other plant types were harvested the year after planting, only. For these plant types flower stalks were
removed in the planting year.
For statistics, tables and graphs SAS procedures were used [21].
3. Results
3.1. Plant establishment
Since there was no significant interaction between plant-type and cultivar concerning plant establishment, an
average of the two cultivars is presented in Table 2. The first planting date in 2013 was one day after lifting for
both bare root plants and plug-plants (Table 1). The plant establishment was close to or higher than 90% for B1,
A15, P1, P2 and Pf. Bare root plants stored at 2◦C for 14 or 28 days before planting had poorer establishment
than the other treatments. Especially ‘Korona’ stored for 28 days was decayed, while most ‘Sonata’ plants
survived (data not shown). In 2014, B14 and Pf had poorer establishment than the other plant-types. Storage
for 14 days gave poorer establishment than in 2013, probably because the storage temperature was 2◦C higher.
Again the establishment of ‘Korona’ was much poorer than for ‘Sonata’. Lifting of bare root plants B2 and B3
was undertaken in 2014, but not in 2013, and the establishing was similar to B1. Storage for seven days at 4◦C,
gave a good result (Table 2). All plug plants established well. However there was poorer establishment for Pf,
probably because of warm and dry weather during planting and the following two weeks.
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Table 3
Development of runners per plant (R/p) and propagules per runner (Pg/r) as an effect of plant type and storage for two strawberry cultivars
in in late September in the establishing years. B = Bare root; P = Plug; Pf = Fresh plug; A = large Bare root of crown diameter ≤15 mm in
2013 and ≤13 mm in 2014
Plant type 2013 2014
‘Sonata’ ‘Korona’ ‘Sonata’ ‘Korona’
R/p Pg/r R/p Pg/r R/p Pg/r R/p Pg/r
B1 6.66 0.79 10.37 0.88 8.13 2.03 13.29 2.35
B2 – – – – 12.07 1.48 9.88 2.50
B3 – – – – 9.88 1.35 15.13 2.37
B7 – – – – 7.83 1.41 8.96 2.37
B14 4.73 0.70 1.67 0.60 0 0 0 0
A 5.54 0.53 7.63 0.60 12.14 1.40 9.96 2.36
P1 5.09 0.85 10.50 1.00 17.08 1.25 26.32 1.90
P2 4.75 0.58 8.77 1.02 13.08 1.36 16.83 1.98
P3 – – – – 11.56 1.72 15.83 1.88
Pf 2.09 0.81 4.38 0.63 0 0 0 0
Mean 4.76 0.68 6.53 0.68 10.20 1.33 13.27 1.97
Se 0.49∗∗ 0.10ns 0.93∗∗ 0.11∗∗ 1.67∗∗ 0.15∗∗∗ 2.10∗∗∗ 0.15∗∗∗
ns,∗,∗∗,∗∗∗indicate levels of no, 5%, 1% and 0.1% significance, respectively.
3.2. Runner development
Plant type, cultivar and year had influence on runner development, and there was interaction between plant
type and cultivar considering number of runners per plant (R/p) and number of propagules per runner (Pg/r) for
each establishing year. The main effects of R/p and Pg/r were significant, except for Pg/r for ‘Sonata’ in 2013
(Table 3). A striking effect was the large differences between the two years, with much poorer development in
2013 than in 2014. In 2013, R/p and Pg/r as an average for all plant types, were half the amount or less than in
2014, for both cultivars.
In 2013, R/p for ‘Korona’ was highest for B1, A15 and P1 and lowest for B14, P2 and Pf. Pg/r followed
the same pattern to some extent, and were highest in P1,Pf and B1 and lowest in A15 and P2. ‘Sonata’ acted
differently and had the highest R/p in B1 and P1, while Pf had the lowest number. Pg/r in ‘Sonata’ was highest
in P1 and P2 and B1 and lowest in A15 and B14 and Pf. Plants of B28 died during storage or shortly after
planting, resulting in no runners (not tabulated). The average of Pg/r was similar for the two cultivars in 2013,
while ‘Korona’ produced more runners than ‘Sonata.
In 2014 the highest number of runners per plant for ‘Sonata’ was on plant type P1, P2, P3, B2 and A13,
while B1 and P3 had the highest numbers of propagules per runner; B14 and Pf developed no runners and Pg/r.
‘Korona’ developed in average of plant types, more runners per plant than ‘Sonata’, similar to 2013. Bare-root
plants of ‘Korona’ developed the highest number of runners on B1 and B3, but the numbers were highest for P1.
The bare-root plant types developed more Pg/r than the plug plants. However, B14 and Pf plants developed no
runners or propagules, similar to ‘Sonata’.
3.3. Crown-development
There was a trend in 2013, that the ‘Sonata’ B14 plants had crown diameter a little larger than P1 and larger
than A15, B1, P2 and Pf (Fig. 1). There were small differences between number of crowns per plant and number
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Fig. 1. Mean crown diameter (mm) and standard error (Se), for plant types of two short day strawberry cultivars in October of two establishing
years. B = Bare root; P = Plug; Pf = Fresh plug; A = large bare root (≤13 or ≤15 mm crown diameter in 2014 and 2015, respectively).
of leaves per crown (Table 4). ‘Korona’ had as a trend largest crowns for A15. The plant types B1, P1 and B14
had approximately 3 mm smaller crown diameters than A15, while P2 and Pf had the smallest crowns. However,
as a trend B1, P1 and P2 had more crowns than A15, while B14 had only one crown per plant.
In 2014, P2, P1 and B1 of ‘Sonata’ had largest crowns closely followed by B2, B7 and B14 and A13 (Fig. 1).
Crowns of P3 and B3 had approximately 1 mm smaller diameter, while Pf had the smallest crowns. There was a
trend that plug plants had higher crown numbers than bare root plants except for B7 and B14; Pf had one crown
per plant. For ‘Korona’, P3, B7 and P1 had the largest crowns, while A13 and Pf had the smallest. The Pf plants
were planted nearly 3 months after B1, A13 and P1, and had 4.7 mm and 1.1 mm smaller diameters than B1 of
‘Sonata’ and Korona’, respectively. There were some differences in number of crowns in ‘Korona’ (Table 4),
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Table 4
Effect of plant type and treatment on average crown number (Cn) per plant and number of leaves (Ln) per crown in October, for two
cultivars in two years. B = Bare root; P = Plug; Pf = Fresh plug; A = large bare root;a diameter ≤15 mm in 2013 and ≤13 mm in 2014
Type 2013 2014
‘Sonata’ ‘Korona’ ‘Sonata’ ‘Korona’
Cn Ln Cn Ln Cn Ln Cn Ln
B1 2.8 4.9 3.1 6.6 2.4 7.7 3.3 8.0
B2 – – – – 2.0 8.7 3.5 7.5
B3 – – – – 2.4 7.7 3.4 7.3
B7 – – – – 3.0 7.8 4.7 7.6
B14 2.3 6.3 1.0 6.3 3.0 7.8 4.7 7.6
Aa 2.5 6.2 2.5 8.5 2.5 7.9 2.5 7.6
P1 2.8 6.3 3.8 6.3 3.1 7.8 3.4 8.1
P2 2.5 5.3 4.1 5.8 2.6 7.7 4.6 7.9
P3 – – – – 3.3 7.1 3.1 8.1
Pf 2.1 5.0 3.4 4.3 1.0 6.0 1.0 6.0
Mean 2.4 6.0 2.6 6.3 2.5 7.6 3.4 7.5
Se 0.3ns 0.8ns 0.5ns 0.7ns 0.6ns 0.5ns 0.5∗ 0.3∗
ns,∗,∗∗,∗∗∗indicate levels of no, 5%, 1% and 0.1% significance, respectively.
and B7, B14 and P3 and P1 had the highest numbers, while Pf had only one crown per plant. There were small
differences in number of leaves per crown, but Pf had fewest leaves per crown.
Development stage of the primary flower revealed differences between years. The floral development stage
was on average 3.3 on 24 October 2013, but 4.1 on the same date in 2014. There was a treatment x cultivar
interaction, but no significant difference between cultivars in 2013, but a difference in 2014 (Fig. 2).
In 2013 B1, P2 and Pf of ‘Korona’ had poorer development than all other treatments. B28 did not develop any
crowns in 2013 and the good development of B14 is a result of poor establishment giving better growth conditions
for the remaining plants (Table 2). A15 and P1 had had best development for ‘Korona’. For ‘Sonata’ B1, B28,
A15, P1 and Pf had the highest flower stage development, while B14 and P2 achieved a lower development stage.
In 2014 B14 of ‘Korona’ did not survive the storage and was not planted, and as a result of that had zero
crowns. All other plant types except B7 and Pf reached a development stage close to 4.5, which mean that some
of the eight crowns per treatment had development stage 5 (Sepal primordia elongated). For ‘Sonata’, B1, B3,
B7 and A13 had the most developed crowns, while B2, P2 and Pf had the poorest development of the plant
types. Pf reached only a vegetative growth stage, most likely because it was planted one month later then in
2013.
3.4. Fruit yield of bare-root transplants A15 and A13 in the planting year
‘Sonata’ A15 tended to give larger total yield and had larger fruit-weight than ‘Korona’ A15 in 2013, and
the percentage of berries larger or equal to 35 cm diameter was higher for ‘Sonata’ than for ‘Korona’ and the
opposite for the grade below (Table 5). However, fruit weights were generally low. The percentages of discarded
fruit were about equal for the two cultivars, and a little more than 30%. A relative large part of the yield for both
cvs was misshapen fruit. One medium strong to small inflorescence was developed per plant (Fig. 3). In 2014, the
fruit yield was lower than in 2013. However, the plant type classified as A13 was smaller than in 2013. Similar
as to 2013, ‘Sonata’ had higher fruit yield than ‘Korona’, but yields were generally very low. However, there
was no difference in fruit weight, although it was also low. Sorting in fruit size classes revealed no differences
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Fig. 2. Development stage of primary flower in the apex in different plant types of ‘Korona’ and ‘Sonata’ 24 October 2013 and 2014. The
standard error bar can be used comparing plant types within and between cultivars. B = Bare root; P = Plug; Pf = Fresh plug; A = large bare
root (≤13 or ≤15 mm crown diameter in 2014 and 2015, respectively).
Table 5
Total strawberry fruit yield of two cultivars (kg m–2), marketable yield (Mark) and different size classes in %, and fruit weight (g fruit–1)
in the planting years 2013 and 2014, for A15 and A13 respectively
Cv Year Yield Total Mark >35 35–30 30–25 25–22 <22 Fw
Sonata 2013 1.21 67.5 22.2 22.3 18.2 4.3 0.5 14.1
Korona 0.48 69.4 11.7 37.1 18.5 1.2 0.9 12.4
Mean 0.85 68.5 17.0 29.7 18.4 2.8 0.7 13.2
Se 4.6ns 6.8ns 2.6ns 4.1ns 8.6ns 0.2∗ 0.6ns 0.2∗
Sonata 2014 0.42 89.3 45.5 31.2 7.0 3.2 1.5 12.3
Korona 0.21 74.1 20.5 12.8 20.8 7.4 11.3 12.0
Mean 0.31 81.7 33.0 22.0 13.9 5.3 6.4 12.2
Se 0.05ns 2.1ns 11.7ns 8.5ns 5.0ns 1.6ns 5.0ns 3.7ns
Sonata Mean 0.81 78.4 34.3 26.7 12.6 3.8 1.0 13.2
Korona 0.34 71.8 16.1 25.0 19.7 4.3 6.1 12.2
Mean 0.58 75.1 25.2 25.9 16.2 4.1 3.6 12.7
Se 0.11∗ 4.8ns 6.0ns 4.7ns 4.9ns 0.8ns 2.5ns 1.8ns
ns,∗,∗∗,∗∗∗indicate levels of no, 5%, 1% and 0.1% significance, respectively.
between cultivars. There were, however, a significant or close to significant interaction for cultivar vs. year for
all classes. In average of the two years, ‘Sonata’ had higher yield than ‘Korona’.
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Fig. 3. Open field flowering in 2013 of ‘Sonata’ bare root A15 plants in Mid–Norway. Photo: Rolf Nestby.
3.5. Effects on fruit yield of plant-types and delayed planting the year after planting
Fruit yield the year after planting, was recorded for trial 1 in 2014 and for trial 2 in 2015. There was a striking
difference in yield and fruit weight between the years. Trial 1 had lower fruit yield and fruit weight than normal,
while trial 2 developed normally. Additionally, there was a significant plant-type vs. year interaction for total
yield and fruit weight.
In 2014, there was no difference in total yield between treatments for ‘Sonata’, though B28 tended to have
lower yield and larger fruits than the other treatments; ‘Korona’ plant types B1, A15 and Pf yielded more than
the other plant types, while the stored plants B14 and B28 had no yield (Table 6). In 2015, ‘Sonata’ B14 yielded
less than all other treatments; Pf yielded more than B14, but lower than the other treatments. Plants stored for
7 days (B7) had good yield compared to B14 and Bf, and had larger fruits, but lower yield than B1, B2, A13, P1,
P2 and P3. In ‘Korona’, B14 had no yield, while B7 with seven days shorter storage, had similar yield as P1, P2
and P3, but could not be significantly separated from B1. For ‘Korona’, as for ‘Sonata’, Pf had lower yield than
all other plant types except for B14.
4. Discussion
In a situation where Norwegian nurseries since 2015 have had to compete with imported strawberry transplants
from mainly The Netherlands, it is detrimental for the success of the Norwegian nursery industry that they can
produce high quality transplants of cultivars wanted by the growers. The plant quality of bare root and plug
transplants of Norwegian origin were evaluated in two years, and it was shown that a good establishment
was dependent on the freshness of especially bare-root plants. The bare root transplants in these trials were
delivered the day after lifting. When the plants were planted the same day as they arrived, within a timespan
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Table 6
Effect of strawberry plant type on total and marketable (Market) fruit yield in kg m–2 and fruit weight (Fw) in g fruit–1 in two years, of two
short day strawberry cultivars grown in open field in Norway. B = Bare root; P = Plug; Pf = Fresh plug; A = large bare root (≤13 or ≤15 mm
crown diameter in 2014 and 2015, respectively)
Plant type Year Cultivar
Sonata Korona
Total Market Fw Total Market Fw
B1 2014 0.59 0.43 15.6 0.70 0.67 13.6
B14 0.40 0.36 15.6 0.00 0.00 –
B28 0.29 0.27 17.1 0.00 0.00 –
A15 0.55 0.48 15.2 0.70 0.62 14.0
P1 0.50 0.44 13.7 0.45 0.39 16.6
P2 0.51 0.41 14.4 0.46 0.40 12.0
Pf 0.50 0.37 12.0 0.83 0.69 14.5
Mean 0.48 0.39 15.0 0.45 0.40 14.1
Se 0.12ns 0.13ns 1.3ns 0.09∗∗ 0.10∗ 1.2ns
B1 2015 1.81 1.55 22.3 1.99 1.70 17.8
B2 1.73 1.51 19.9 1.79 1.52 16.5
B3 1.67 1.37 17.9 1.76 1.42 17.7
B7 1.24 1.02 21.1 2.17 1.95 19.1
B14 0.15 0.12 29.1 0.00 0.00 –
A13 1.84 1.53 22.9 1.87 1.62 16.3
P1 1.80 1.61 19.8 2.17 1.80 18.4
P2 1.88 1.58 21.8 2.09 1.84 16.5
P3 2.23 1.96 20.1 2.19 1.94 17.3
Pf 0.46 0.35 14.6 1.21 0.88 16.1
Mean 1.48 1.26 20.5 1.72 1.45 17.4
Se 0.13∗∗∗ 0.14∗∗∗ 1.6∗∗ 0.29∗ 0.25∗ 1.7ns
Mean2y 1.01 0.83 14.7 1.09 0.93 14.4
Se2y 0.12∗∗∗ 0.06∗∗∗ 1.2ns 0.11∗ 0.10∗ 1.17∗∗
ns,∗,∗∗,∗∗∗indicate levels of no, 5%, 1% and 0.1% significance, respectively.
of lifting dates of three weeks in May, the establishment varied from 90% in 2013 to 96–100% in 2014. The
poor establishment in 2013 vs. 2014 was because soil conditions at the planting site were not ideal due to late
spring with frozen soil into May (Table 7). In 2014 the situation was different with a soil of good structure. In a
situation like this where the nursery is situated at a much earlier location than the planting site, it is necessary
that the nursery delays the lifting of transplants until the planting conditions are optimal. The experiments also
showed that transplants could be stored at 4◦C for 7 days by the grower without loss of yield for ‘Korona’ while
‘Sonata’ was down in yield. Storage for 14 and 28 days even at 2◦C reduced the quality of transplants strongly,
because of rot, and more for ‘Korona’ than for ‘Sonata’. The plug plants had a much larger buffer and had good
establishment (96–100%) at all planting dates in a time span of three weeks from delivery to planting, for both
cultivars.
The bare root transplants delivered in 2013 were sorted in A15 and in a mix with smaller crown diameters
(5–14 mm). In 2014, all bare root plants were delivered as a mix of crown sizes, and the largest size A13, was
sorted at the research site, as well as a mixed grade (5–12 mm) for all other bare-root plant types. This is not
beneficial since it is shown that the crown diameter has large influence on fruit yield. A regression analysis
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Table 7
Mean temperatures in ◦C at NIBIO Kvithamar Research Station, Mid-Norway
Month Year
2013 2014 2015
January –3.9 –1.6 0.4
February –2.9 4.3 1.9
March –2.9 3.6 3.9
April 4.0 6.1 4.9
May 12.5 10.0 8.4
June 13.3 12.8 10.3
July 14.7 19.5 13.4
August 14.4 15.6 17.1
September 11.3 11.7 –
October 6.4 8.1 –
November 2.6 3.6 –
December 2.9 –0.1 –
of yield components versus initial crown diameter revealed a positive relationship between total fruit numbers
produced per plant and initial crown size for two cultivars. Also total weight of marketable fruit produced per
plant was positively associated with initial crown diameter of transplants [5]. Later it was shown that a mix of
crown diameters larger than 10 mm resulted in 23% higher yield on average over two seasons than a mix of
bare root transplants with crown diameters below 10 mm [7]. Also crown diameters 5–8 mm and 8–12 mm were
compared, and the group with larger diameters had the highest increment of leaf area, total yield and ascorbic
acid in the fruits over two seasons [6].
4.1. Runner development
The number of runners of all plant-types was about the double in 2014 than in 2013, and similar for
the number of propagules per runner (Table 3). The reason for this could be the cold winter 2012/2013 at
the transplant production site, which had the following number of days with minimum temperatures below
–10.0◦C [22]:
Month Days Temperature range ◦C
December 7 –11.2 to –16.9
January 10 –10.3 to –18.8
February 6 –10.7 to –14.2
March 5 –10.4 to –12.7
The lowest temperature in April was –8.2◦C (1 April). In addition, the minimum temperatures in the winter
period were rarely above zero degrees before 15 April. These freezing conditions could have caused injury of
the transplant crowns and roots and reduced crown growth and development of runners in the summer season
of 2013 [23]. Another factor that would increase number of runners in 2014 compared to 2013 was the high
July and August temperatures in 2014 (Tab. 7). Conditions that would stimulate formation of runners [14].
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Additionally, the soil conditions at the planting site in 2013 were not optimal for establishment and growth of
the transplants. The plant type of ‘Sonata’ that developed most runners in 2013 was B1, while Pf developed the
fewest runners. The situation was similar for ‘Korona’, except that B14 had very few runners, but the cultivar had
more runners than ‘Sonata’. In 2014 the situation was different. Both cultivars developed much more runners
than the year before, but ‘Korona’ still more than ‘Sonata’ except for the B2 and A13 plants. ‘Korona’ had more
propagules per runner than ‘Sonata’, except for B14 and Pf in 2013. For B14 probably because ‘Korona’ B14
was more weakened during storage than ‘Sonata’ B14. The post-delivery stored transplant B14 did not develop
any runners in 2014 for either cultivar, probably because they were weakened during the storage period which
was 2◦C warmer than in 2013.
4.2. Crown development
There were differences between transplant types of ‘Korona’ and ‘Sonata’ in crown development at the end of
the first growing season. In 2013, average crown size of plants developed from A15 of both cvs were equal and
larger than for plants developed from B1which was planted at the same date. This is reasonable since transplants
with large crowns are shown to give a better plant development evaluated by several parameters like leaf area,
fruit yield etc. [4–6], and in this case the strong A15 transplants resulted in better plant development than the
mixed standard of B1 transplants (6–14 mm). However, B1 of ‘Sonata’ developed better than similar transplants
of ‘Korona’. If the grower wants to delay the planting, our results in 2014 show that cold storage of bare root
plants (2–4◦C) for 7 days (B7) after lifting gave a good result for ‘Korona’ with good establishment after planting
and development of a high number of crowns with large diameter at the end of the growing season. In average
of treatments ‘Korona’ had smaller crowns than ‘Sonata’ but a higher number, especially in 2014. Some bare
root transplants (B2 and B3) were lifted two or three weeks later than B1 in 2014. These plants developed just
as well as B1. This indicates that if the grower knows that the planting will be delayed, it is a better option to ask
for late delivery instead of storing the transplants at the farm. Late delivery of fresh plug transplants (Pf) like in
2014 when number of crowns was strongly reduced, indicates that fresh plug plants should be planted early in
this region.
4.3. Flower development in the crown
‘Korona’ and ‘Sonata’ are both considered as facultative short day cultivars, meaning that flower initiation in
principle starts when the day is shorter than 15 hrs at temperatures above 18–20◦C, while at lower temperatures,
some initiate flowers also in long day [24, 25]. The flower-inducing effect of short day is also highly temperature
dependent, and at temperatures <12◦C and >21◦C floral induction is increasingly reduced also under short day
conditions [25]. For the cultivars grown in the region of the research station, initiation normally starts in late
August [16]. However, just as important as initiation is flower development that depends on temperature in
September and October. It is shown that flower bud development increases with higher temperatures [26]. At
the latitude of our trials the temperature in September and in October is a minimum factor for development of
inflorescences, and was lower in 2013 than in 2014, especially in October (Table 7). Van Delm et al. [27] planted
runner tips of ‘Elsanta’ on 23 July for growing tray plants in Belgium. This is at least a month later than in
our experiments (except for plant type Pf in 2014) using bare-root plants, and the apical meristem was visible
8 September. On 6 October the apical inflorescence turned into development stage 7. This is much higher than
in our experiments, where crowns were examined 24 October, indicating that ‘Elsanta’ is better adapted to a
Belgian climate, when it concerns flower initiation and differentiation, than our ‘Sonata’ and ‘Korona’ plants,
showing a higher yield potential in late autumn. Therefore, to be able to compete with imported tray plants and
waiting bed plants, Norwegian propagators needs to develop a system to improve climate (increase temperature)
in autumn [3, 28].
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4.4. Yield of A15 and A13 plants
The influence of differences in crown size between A plants in 2013 and 2014, is reflected in the yield of A15
and A13 bare root plants (Table 5), with low yields and fruit weights especially for A13 (2014). Even if bare root
transplants larger than A15 is produced in Norway with a security of annual delivery, the development of flower
buds would be much slower than in Belgium, especially with obligate short day cvs like Korona and Elsanta.
Even at the south part of Norway crowns with diameter larger than 15 mm is hard to produce without using
artificial means (production in tunnels etc. to increase temperature). The field trials showed that we achieved a
total yield in 2013 of more than a kilogram per m–2 (0.227 kg plant–1) of ‘Sonata’, but only 40% of that for
‘Korona’, and the fruit weight was low. In 2014, the crown diameter was 13 mm and the difference between the
cvs was much the same, but yields were disappointingly low; in spite that the average temperature for September
and October in 2013 was 10.8◦C compared to 9.2◦C in 2012 [22], conditions that should favour (but still too
cold for optimal development) better flower bud development in late autumn 2013 and higher yield in 2014.
The low yield especially in 2014 was partly because the average fruit weight was low, but also because the
plants produced only one small sized inflorescence per plant with 5–12 flowers (Fig. 3). Nurseries further south
in Europe delivered A+ (11–13 mm) plants with approximate 18 flowers per plant and A++ (16–18 mm) with
43 flowers per plant [2]. At Norwegian nurseries they normally remove the first runners because they are few,
and therefore produce transplants on later developing runners to secure a large crop of transplants that they sell
as a mixed plant size. If they start to produce transplants from the first runners and move plants into polytunnels,
it could be possible to deliver A+ plants or preferably A++ plants at a quality of interest to Norwegian growers.
However, they would have to compete with a high quality plant from nurseries further south in Europe, delivering
a defined transplant quality.
4.5. Yield inﬂuenced by plant-type treatment
In the traditional concept of growing short day strawberry plants, as in our experiments, with an establishing
year and a cropping year, fruit yield parameters were influenced by year, plant-type and cultivar and there
was interactions year vs. plant-type concerning total and marketable yield (Table 6). In trial 1 (2014), total
and marketable yield were much lower than normal. Plant types of ‘Sonata’ did not react much different from
‘Korona’, except that the cold stored plant types B14 and B28 of ‘Sonata’ gave some yield in contrast to ‘Korona’
that did not yield any fruits, and had roughly 66.8% and 60%, respectively, of the yield compared with the other
treatments. This is a result of poor plant establishment in 2013 especially of ‘Korona’ (Tables 2 and 6). And
there was not a significant effect on fruit weight by treatment for both cvs. However, in ‘Sonata’, B28 tended
to have the largest fruits, and the reason for this is probably that each plant had less competition than in a fully
established plot; and Pf tended to have the smallest fruits probably because of a smaller crown diameter (Fig. 1).
‘Korona’ reacted differently and produced higher yields for B1, A15 and Pf than for the other plant-types, and
higher yield than ‘Sonata’. The plug plants of ‘Korona’ yielded similar to ‘Sonata,’ except for Pf which had the
highest yield in trial 1 for ‘Korona’ in spite of small crown diameter in the autumn of establishment (Fig. 1).
The reason of the relative high yield of Pf is probably that Pf-transplants were healthy and without winter injury,
the planting date 26 June was also early enough to secure a relatively high yield potential [23]. The relatively low
yield of P1 and P2 plants is probably caused by freezing of the plants in spite several layers of fleece covering
the plugs at the nursery during winter. The roots and the crown of the bare root transplants are better protected
than for plug plants since they grow in soil and are covered by fleece. Freezing injury at the nursery in addition
to poor planting conditions in 2013, are probably the reason of the low fruit weights.
In trial 2 (2015), the conditions for growth were normal, with the highest yields beyond two kg m–2 for both
cultivars. For ‘Sonata’, plant type P3 gave highest yield, but with the data available it is not possible to fully
understand the reason why it produced more than P1 and P2 in spite of later planting date and smaller crowns,
but the number of fruits per m–2 was higher. The relatively low yield of plant-type Pf, however, must be related
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to the late planting and the small crown diameter (Table 1, Fig. 1), which is expected to give lower yield than
earlier planting [23]. The three bare root transplant treatments B1, B3 and A13 had equal yields, but much higher
than for B1 transplants stored for 14 days (B14). The reason is weakening of the plants and rotting at storage,
and therefore poor establishment (Table 2). The bare root transplants stored for 7 days (B7) at 4◦C established
well, but yielded lower for ‘Sonata’ than all other bare root transplants except B14. It is obvious that storage even
for seven days under the actual conditions is not recommendable for ‘Sonata’. ‘Korona’ bare root transplants
produced yields comparable to ‘Sonata’. However, B14 produced no yield while B7 produced yields equal to
or higher than mixed bare root transplants and A13. This suggests that ‘Korona’ could be stored for seven days
at the given conditions without yield reduction. The Pf-transplants gave low yield, though not as low as for
‘Sonata’, but lower than for normally treated bare root and plug transplants because of late planting date. There
were differences in fruit weight between ‘Korona’ plant types, and Pf, B2, A13 and P2 had the smallest fruits,
while B7 and P1 had the largest fruits. The effect on Pf is explainable because of small crown diameter and P2
had many crowns competing which could explain reduction in fruit size. For ‘Sonata’, there was (because of a
much larger variation within treatment than for ‘Korona’) low fruit weight of Pf plants and high fruit weight
of B14. The effect on Pf plants is probably connected to relatively poor crown development shown by small
crown diameter, few crowns per plant and few leaves per crown compared with the three other plug plant-types.
(Tables 4 and 6, Fig. 1).
5. Conclusion
The survival of the Norwegian strawberry plant nursery industry in an open market situation is dependent on
the plant quality that can be delivered. The practise in Norway of storing plug transplants outdoors covered by
fleece is risky. In our experiments potential freezing temperatures in one of two years in the nursery, probably
reduced the quality of plug plants and to some extent bare-root transplants. This weakened the establishment in
the production field and the ability to develop a decent amount of flowers during autumn. In addition, a late spring
with frozen soil at the production site, forced us to prepare the soil when sub-optimal, this added extra stress to
the plants. To avoid this, plug transplants should be in controlled storage during winter to avoid freezing injury.
This may be a challenge under Norwegian conditions, because of a potential long storage period weakening the
plants [29]. The bare-root transplants should be graded in defined crown sizes at the nursery to secure uniform
development of the production fields, and to make it possible to offer a differentiation in price. It was shown
here that bare root A15 and A13 transplants can be developed at Norwegian nurseries situated in the best climate
zones of Norway. However, to achieve better plant quality it is essential not to remove the early runners for bare
root production which is the practice today, and to sort grade A+ or better A++ for special delivery. To secure
good quality every year closer to the standard of nurseries further south in Europe, transplant production should
be moved into polytunnels, although this will increase the nursing costs. We have shown that by using A15 and
A13 transplants for harvest in the planting year, yield will not suffer in the second harvest year. Larger A plants
could add an extra possibility for Norwegian growers.
When bare root transplants are established as fresh plants, they produce yield and fruit size at similar levels as
plug transplants. In a situation of outdoor winter storage, which is normal in Norway, they yielded even better, at
least for ‘Korona’. However, except being more vulnerable for freezing injury by outdoor storage, the plug plant
is a more secure transplant than bare root and can be stored for a long period before planting in the production
field without reduction of yield, if watered and fertilized optimally. Unless they are planted later than early July
in a region with similar growing conditions as our research site, they will produce a full yield. However, late
planting in our climate will reduce plant crown and flower development in the establishment year, and thus reduce
the first crop [9].
Storage of bare root transplants after lifting is risky, and storage at temperatures of 2–4◦C was not successful
even for a short time, except 7 days of storage for ‘Korona’. The storage conditions could be improved by
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lowering the temperature closer to zero. But not many growers have such facilities available. It can be concluded
that bare root transplants are a fresh product and should be treated like that.
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